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ing Landing S i t e  and Approach to Land- 
ing S i t e  
Touchdown Point Control 
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LM DESCENT 
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LM POWERED DESCENT 
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LANDING RADAR 
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HIGHLIGHTS OF LM LANDING 
APPROACH 
I CREW WILL EVALUATE LANDING AREA 
DURING FINAL APPROACH 
TI CREW WILL REDIRECT GUIDAN 
TO SUITABLE AREA 
Il l  CREW WILL SELECT TOUCHDOWN POINT 
AND CONTROL THE TOUCHDOWN 
THROUGH SEMlAUT0,MATIC MODE 
NASA-5-67.659 
LM APPROACH TRAJECTORY AND 
GUIDANCE TARGETING FEATURES 
I GUIDANCE WILL DELIVER LM TO A HIGH GATE 
TARGET AT A SPECIFIED VELOCITY 
II APPROACH GUIDANCE FROM HIGH GATE TO 
LANDING POSITION WILL PROVIDE VISIBILITY 
AND TIME SUJJABLE FOR SITE ASSESSMENT 
II TERMINAL APPROACH UNDER AUTOMATIC CON-  
TROL WILL BE COMPATIBLE WITH MANUAL 
CONTROL AND SWITCHOVER WILL NOT 
REQUIRE CONTROL TRANSIENTS 
c 
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LM POWERED DESCENT LANDING APPROACH 
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HIGH GATE 
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GUIDANCE PITCH-COMMAND SENSITIVITY TO ALTITUDE 
UPDATE FOR A NOMINAL TRAJECTORY 
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GUIDANCE SYSTEM - LANDING RADAR - LUNAR TERRAIN 
INTEGRATION DESIGN PHILOSOPHY CHOICES 
0 SEVERELY CONSTRAIN ACCEPTABLE APPROACH TERRAIN 
0 INCREASES SITE REJECTION 
0 MAINTAINS GUIDANCE SOFTWARE SIMPLICITY AND 
POSSIBLY MISSION PLANNING FLEXIBILITY 
0 PROGRAM GUIDANCE SYSTEMTO BE INSENSITIVE TO 
APPROACH TERRAIN 
0 ELIMINATES SITE REJECTION BECAUSE OF APPROACH 
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0 CUI DANCE SOFTWARE COMPLEXITY INCREASED - 
POSSIBLY IMPRACTICAL TASK 
0 COMPROMISE - MODERATE LUNAR SURFACE CONTRAINTS AND 
AND GU I DANCE SYSTEM FLEX I B ILITY 
0 LANDING RADAR DATA FILTERING ONBOARD 
0 SIMPLE DATA PROCESSING 
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CRITERIA FOR ASSESSING LM APPROACH GUIDANCE 
SENSITIVITY TO TERRAIN FEATURES 
0 PRIOR TO HI-GATE 
0 PITCH ANGLE DEVIATION FROM NOMINAL 
ALLOWED+12'(LR LIMITATION) 
0 AFTER HI-GATE 
0 VISIBIL ITY MARGIN SHOULD BEAT LEAST 
5' ABOVE LOWER WINDOW L I M I T  
(LANDING SITE ASSESSMENT LIMITATION) 
0 OVERALL 
0 FUEL EXPENDITURE NOT TO EXCEED 60 FTISEC 
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VARIATION OF ACCEPTABLE CRATER SIZE 
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RESULTS OF TERRAIN-SLOPE GUIDANCE 
SYSTEM INTERFACE EVALUATION 
0 PRIOR TO HI-GATE 
0 GENERAL U P H I L L  SLOPES OF 1" C A N  BE TOLERATED 
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0 GENERAL 
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CONTINGENCY AND 
FUTURE CAPABILITY PLANNING ANALYSIS 
0 INCREASED LANDING RADAR DATA PROCESSING 
0 SLOPE ESTIMATION - TECHNIQUES BEING EXAMINED FOR EFFECTIVENESS 
AND SOFTWARE COSTS 
DIFFERENT WEIGHTING FUNCTION 
0 DATA SMOOTHING I N  GUIDANCE COMPUTER 
@ GUIDANCE LOGIC MODIFICATION 
0 
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MODIFY TIME FOR GUIDANCE CONSTANT FREEZE 
LIMITED GUIDANCE FROM CONSTANTS FREEZE 
POI NT TO H I -GATE 
D l  FRRENT TARGETING - LOWER HI-GATE - GREATER VISIBILITY MARGIN 
0 RELAX CRITERIA 
0 LANDING RADAR PITCH OPERATING RANGE INCREASE 
LESS VISIBILITY MARGIN AT HI-GATE 
0 USE MANUAL REDESIGNATION TO IMPROVE 
VISIBILITY MARGIN 
J. H. Suddath 
Area of S i t e  - Hardware and Naviga- 
t i o n a l  Uncertainties Contribution t o  
Landing Dispersions 
NA5A-5-67-1344 
LM DESC 
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GEOMETRY OF POWERED DESCENT ERRORS 
START OF 
P3WERED 0 
DESCENT 
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POWERED DESCENT ERROR SOURCES 
0 I M U  ERRORS 
0 ACCELEROMETER ERRORS 
GYROERRORS 
0 NAVIGATION ERRORS 
0 ERRORS IN LANDING SITE POSITION 
0 STATE VECTOR ERRORS AT START OF POWERED DESCENT 
NASA-S-67-1118 
DESCENT ORBIT INJECTION ERROR SOURCES 
0 ERRORS IN MAKING AV 
@ I M U  ERRORS 
0 STATE VECTOR ERRORS AT DESCENT ORBIT INJECTION 
0 LUNAR ORBIT NAVIGATION ERRORS 
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TOTAL (RSS) 
LUNAR ORBIT NAVIGATION ERRORS 
3100 2400 1850 
GOVERNED B Y  
0 MSFN OR ONBOARD 
0 NUMBER OF ORBITS BEFORE DESCENT ORBIT INJECTION 
0 NUMBER OF LMK SIGHTINGS 
0 NUMBER AND LOCATIONS OF LMKS 
TYPE OF LMK - MAPPED I UNMAPPED 
0 NATURE OF ESTIMATION PROCESS 
0 NUMBER AND SPACING OF I M U  ALINEMENTS 
le 6x6 OR 9x9 
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LANDING ERROR COMPONENTS 
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Touchdown 
Touchdown S t a b i l i t y  
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OUTLINE OF PRESENTATION 
0 LANCING GEAR DESIGN CRITERIA 
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0 COMPUTER SIMULATION OF L M  TQUCHDO'NN 
0 LANDING PERFORMANCE 
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LANDING CONDITIONS - LOAD STROKE 
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CLEARANCE CRITICAL LANDING 
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SOIL MODEL 
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K, = S T A T I C  B E A R I N G  S T R E N G T H  A T  SURFACE,  PSI  
K, = RATE O F  B E A R I N G  S T R E N G T H  I N C R E A S E  W I T H  
P E N E T R A T I O N ,  P S I / F T  
K-J = RATE O F  B E A R I N G  S T R E N G T H  I N C R E A S E  W I T H  
P E N E T R A T I O N  V E L O C I T Y ,  P S I / ( F T / S E C )  
K, = RATE O F  B E A R I N G  S T R E N G T H  I N C R E A S E  W I T H  
PENETRATION VELOCITY SQUARED, PSI/(FT/SEC)* 
A, = B E A R I N G  A R E A  O F  L A N D I N G  G E A R  F O O T P A D  
F = F O R C E  ON F O O T P A D  F R O M  S O I L  
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CLEARANCE VERSUS BEARING STRENGTH 
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NASA-S-67-1396 
SELECTION OF STABILITY CRITICAL LANDING 
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STABIL ITY VS B E A R I N G  S T R E N G T H  
99 % PROBABLE VELOCITIES 
- K i =  15 (RIGID)  
NASA-S-67-1240 
C O N S T R A I N T S  ON L M  T O U C H D O W N  P O I N T  
IMPOSED B Y  TOUCHDOWN DYNAMICS CONSIDERATIONS 
0 MAXIMUM TOPOGRAPHICAL SLOPE - 12" 
0 MAXIMUM PROTUBERANCE HEIGHT - 24" 
0 SOIL BEARING STRENGTH - SURVEYOR I EQUIVALEYT 
NASA-S-67-920 
DIGITAL SIMULATION OF LM TOUCHDOWN 
0 SPACECRAFT CAB - 6 DEGREES OF FREEDOM 
0 SPACECRAFT FOOTPAD - 3 DEGREES OF FREEDOM 
0 CONTROL SYSTEMS 
0 ATTITUDE 
0 RATE OF DESCENT 
0 LANDING SURFACE 
0 SLOPE 
0 DEPRESS ION, PROTUBERANCE, CURBS, TRENCHES 
0 OUTPUT 
0 TABULAR PRINTOUT 
0 GRAPHICAL 
0 MOTION PICTURE 
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FORCES ACTING O N  VEHICLE 
I I 
I I 
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1 .  SHOCK ABSORBERS 
2 .  RCS 
3 .  ENGINE SKIRT CRUSHING 
4 .  ENGINE THRUST 
5 .  LUNAR GRAVITY 
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LUNAR SURFACE MODEL 
SLOPE 
0 PROTUBERANCES A N D  DEPRESSIONS 
0 COEFF OF SLIDING FRICTION 
FOOTPAD CONSTRAINTS 
NASA-5-67.911 
LANDING GEAR DETAIL 
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DEFLECTION 
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EXPERIMENTAL- THEORETICAL CORRELATION 
0 [ 
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HORIZONTALVELOCITY, FTISEC 
0 EXP STABLE 
A EXP UNSTABLE 
- MSC ANALYSIS 
Launch Recycle and Repair 
R. J. Ward 
NASA-S-67-1505 
START RECYCLE 
MOVE MOBILE SERVICE 
STRUCTURE (T-IZHRSI 
START LV CRY3 LOADING 
START AUTO SEQUENCE 
(T-6 HRS) 
TURNAROUND TIME 
FOLLOWING A DECISION TO RECYCLE 
0 PERATl ONS REENTER COUNT TOTAL 
0 l2HRS 12 HRS 
6 HRS 12 HRS 18 HRS 
20 HRS 2 1  HRS 41 HRS 
(T -187 SEC) 
(T-7 SEC) 
AFTER S-IC IGNITION 1 38HRS 
NASA-567-1504 
MINIMUM SPACE VEHICLE HARDWARE RECYCLE PLAN 
21 HRS 59 HRS 
145 MIN) 
(4 HRS 15 M I N I  LV CRY3 DRAIN AND H2 PURGE BELOW 4% 
PURGE AND DRY (6 HRSJ 
(PAD ACCESS) I 
W L V  ACCESS AND K I T  INSTL (8 HRS) 
! ! 1 (ACCESS TO S-Ip B) (4 HRS) 
MS s MOVE 
LM 
t 
AND P X I T I O N  
(AT P 
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NASA-S-67-1507 
START AUTO 
SEQUENCE 
ACCESS TIME FOR REPAIR 
WITH 44 HOUR RECYCLE 
START LV 
CRY0 LOAD MOVE M S S  
START RECYCLE 
(T-187 SEC) 
15 HRS 
10 HRS 
10 HRS 
11 HRS 
15 HRS 
C M  
S M  
LMlSLA 
IUt'S-IPB 
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f l -6 HRS) (T-12 HRS) 
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22 HRS 32 HRS 
26 HRS 32 HRS 
SPACECRAFT 
LAUNCH VEHICLE 
GROUND SUPPORT 
MSFN - (OR WEATHER1 
EQUl PMENT 
NEGLIGIBLE SIGNIFICANT MAJORITY DESTACK AT VAB 
S l GNl FI CANT MAJORITY * DESTACK AT VAB 
SIGNIFICANT MAJORITY * 
MAJORITY * 
NASA-S-67-1506 
SPACE VEHICLE REPAIR CAPABILITY 
Lighting a t  Lunar  Landing 
J. P. Loftus 
NASA-S-66- 3878 JUN 
SOLAR ILLUMINATION = 13,000 LUMENSIFT* 
--- SEMI-SPECULAR EARTH MATERIAL 
RETRO REFLECTIVE LUNAR SURFACE  
N ASA-5-66-6119 JUN 
L U N A R  REFLECTANCE PROPERTIES 
O LUNAR SURFACE ACTS AS A RETRO-REFLECTOR 
e SURFACE BRIGHTNESS DEPENDS ON VIEW & SUN ANGLES 
e LUMINANCE REACHES MAXIMUM AT SUN ANGLE 
e WASHOUT PHENOMENA OCCURS AT ZERO PHASE ANGLE 
e ALBEDO VARIATION IS SMALL 
0 FROM 0.065 (MARIA) TO O J 3  (BRIGHTEST RAYS) 
CONTRAST DEPENDS ON LOCAL SLOPE VARIATIONS 
AND SHADOWS 
O MEASUREMENTS OF REFLECTANCE PROPERTIES ARE EARTH- 
BASED AND OF LOW RESOLUTION 
NASA-5-66- 6122 JUN 
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SHADOWS 
LT - LB CONTRAST EQUATION C = -
LB 
SUN LINE 
VIEWING LINE 
Trajectory and Performance 
J. R. Elk 
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20 
OPERATIONAL CRITERIA TO BE CONSIDERED IN 
THE EVALUATION OF LUNAR LANDING SITES 
---  --e-- - --- ---- --- - -- --. 
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0 SPACECRAFT PERFORMANCE MARGINS 
0 TIME OF EARTH LAUNCH 
0 LIGHTING CONDITIONS AT LUNAR LANDING 
0 LAUNCH WINDOW CONFIGURATION 
0 L M  COMMUNICATIONS 
0 APPROACH PATH L IMITS 
0 INJECTION COVERAGE 
0 DAILY LAUNCH WINDOW DURATION 
NASA-S-67-910 
ACCESSIBLE LUNAR LANDING AREA 
FOR FEB1, 1968 
- PACIFIC INJECTION WINDOW 
--- ATLANTIC INJECTION WINDOW 
2o r 
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VARIATION OF LIGHTING CONDITIONS 
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PERFORMANCE VARIATIONS WITH APPROACH AZIMUT 
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APPROACH AZIMUTH 
NASA-S-67-1461 
ANNUAL VARIATION OF APPROACH AZIMUTHS 
I I I I I I I I I I I I 
1 1 2  2 1 1  3 1 1  3 1 3 1  4129 5129  6129 7 / 2 7  8 / 2 6  9 / 2 4  10124 11123 12 /22  
LANDING DATE, MONTH / DAY 
ASS UM PT IO N S 
CURRENT AV BUDGET 
ALLOWANCES FOR OPERATIONAL PROPELLANT RESERVES 
LM YAW IS ACCEPTABLE 
APPROACH AZIMUTH TO LANDING SITE IS WITHIN LIMITS 
NIGHT LAUNCHES ARE ACCEPTABLE (WHEN NECESSARY) 
LUNAR ORB ITER TI SITES P-2, P-6, P-8, P-11, P-13 
NASA-S-67-898 
1968 LAUNCH WINDOW CONFIGURATION 
AClFlC INJECTION 
ATLANTIC INJECTION 
NASA-S-67-1397 
1968 LAUNCH WINDOW CONFIGURATION 
ATLANTIC I N  J E C T I O N S  
NASA-S-67-890 
LIGHTING AT LM LANDING 
LANDING DATE, MONTH I DAY 
NASA-S-67-1381 
LIGHTING AT LM LANDING (CONT) 
18 
17 
16 
15 
SUN 14 
ELNATi ON, 
DEG 13 
12 
11 
10 
9 
8 
7 
26 29 2 25 28 31 27 30 24 28 22 25 21 24 27 , 27 311, 26 30 , I  24 28 , I  23 26 29,, 24 27 , I  22 25 , 
JULY AUG SEPT OCT NOV DEC 
DATE OF LAUNCH 
NASA-S-67-1089 
20 
10 
0 -  
LATITUDE 
-lo 20 
ACCESSIBLE AREA I N  APRIL 1968 
- 
- 
13 - 0 0 
11 8 
1 ------- 
I I I I I I I I I I I 
NASA-S-67-1560 
PROPOSED SITES FOR CONTINUED OPERATIONAL 
EVALUATION DURING 1968 
JANUARY 31 - APRIL 6 
ORBITER III 9, 11, AND 12 
APRIL 28 - JULY 4 
ORBITER III NONE 
JULY 26 - OCTOBER 1 
ORBITER II NONE 
ORBITER II 2, 6, 8, 11, AND 13 
ORBITER ID NONE OCTOBER 23 - DECEMBER 28 
NASA-S-67-896 
OPERATIONAL CRITERIA TO BE CONSIDERED IN 
THE EVALUATION OF LUNAR LANDING SITES 
0 SPACECRAFT PERFORMANCE MARGINS 
0 TIME OF EARTH LAUNCH 
0 LIGHTING CONDITIONS AT LUNAR LANDING 
0 LAUNCH WINDOW CONFIGURATION 
0 LM COMMUNICATIONS 
e APPROACH PATH L IMITS 
0 INJECTION COVERAGE 
DAILY LAUNCH WINDOW DURATION 
General Description of Data Analysis 
J. H. Sasser 
NASA-S-67-783 
CARTOGRAPH IC PRODUCTS 
0 TERRAIN PROFILES- L M  APPROACH TRAJECTORIES 
0 LANDMARK IDENTIFICATION MATERIALS 
0 TRANSLUNAR - TRANSEARTH NAVIGATIONAL CHARTS 
0 DESCENT - ASCENT PILOTAGE CHARTS 
0 LUNAR LANDING SITE EXPLORATION M A P S  
0 SIMULATOR FILM STRIPS 
0 RELIEF MODELS 
0 CHARTS FOR LANDING SITE SELECTION 
0 LANDING SITE PHOTOMOSAICS 
NASA-S-67-784 
CORRELATION OF SUN ELEVATION WITH 
APPARENT SUITABILITY OF ORBITER II SITES 
SITE 
WEST: P-11 
P-13 
P-12 
P-10 
CENTRAL: P-8 
P-9 
P-7 
P-4 
EAST: P-6 
P-2 
P-5 
P-3 
P-1 
RATING NUMBER 
0.954 
0.902 
0.737 
0.616 
0.923 
0.851 
0.772 ---__ 
0.947 
0.944 
0.943 
0.876 
0.868 
SUN ELEVATION 
29.3" 
19.2" 
18.0" 
14.1 " 
29. 8" 
24.8" 
20.7" 
11.2" 
29.4" 
23.3" 
21.9" 
14.4" 
16.5" 
NASA-S-67-785 
+ 
1 USGS I 
MSC CANDIDATE LANDING SITE SELECTION ACTIVITIES 
0 SELECTION OF PRIORITY AREAS FOR 
APOLLO LANDING SITE ANALYSIS 1 
0 COMPUTER ANALY S I S  OF LUNAR I DOD 1 
ORBITER TAPES 
0 COMBINED DATA ANALYSIS 
0 CANDIDATE SITE SELECTION 
TOPOGRAPHIC 
1 
I APOLLO SITE SELECTION BOARD I 
NASA-S-67-1370 
CONSIDERATIONS NOT DEPENDENT 
ON LUNAR SURFACE PROPERTIES 
CONS IDE RATION S AFFECTS THE DESIRED 
LATITUDE, LONGITUDE OF SITES 
LATITUDE, LONGITUDE OF SITES 
NUMBER OF SITES I LONGITUDINAL SPACING OF SITES 
TRAJECTORY AND PERFORMANCE 
COMMUNI CATIONS 
LIGHTING DURING LANDING 
LAUNCH RECYCLE TIME I 
0 INPUT TO SURVEYOR I ORBITER TARGETING 
0 N 3  SURVEYOR I ORBITER DATA REDUCTION REQUIRED 
NASA-S-67-1374 
CONSIDERATIONS DEPENDENT ON 
LUNAR SURFACE PROPERTIES 
CONSIDERATIONS AFFECTS THE DESIRED 
LAND I NG D I SPERSl ON 
LANDING RADAR PERFORMANCE 
SIZE AND SHAPE OF LANDING SITES 
TOPOGRAPHY ALONG APPROACH PATHS 
ILOCAL TOPOGRAPHY WITHIN SITES 
TOUCHD3WN C3NSTRAINTS \SURFACE ENGINEERING PROPERTIES 
EROSION EFFECTS SURFACE ENGINEERING PROPERTIES 
0 TO BE OBTAINED FRaM EXISTING DATA PLUS 
SURVEYOR I ORBITER DATA REDUCTION 


NASA-5-67-786 
USGS PRODUCTS 
0 1:500,000 SCALE GEOLOGIC MAPS 
e 1:100,000 SCALE GEOLOGIC MAPS 
0 1:25,000 SCALE GEOLOGIC MAPS 
e PRELIMINARY EVALUATION OF GEOLOGIC INTEREST 
OF CANDIDATE LANDING SITES 
e DETAILED GEOLOGIC STUDIES OF SELECTED 
LANDING SITES 
NASA-S-67-777 
LUNAR INFORMATION FROM SURVEYOR AND ORBITER 
DATA 
0 L M  LANDABILITY 
DISTRIBUTION OF TOPOGRAPHIC SLOPES WITHIN 
POTENTIAL LANDING AREAS 
0 REGIONAL SLOPES 
DISTRIBUTION OF REGIONAL SLOPES THAT WOULD 
AFFECT RADAR PERFORMANCE 
0 SURFACE ENGINEERING PROPERTIES 
0 SELENOGRAPHIC POSITIONS 
LOCATIONS OF SELECTED LANDING SITES AND 
NAV I GAT IONAL LANDMARKS 
SOURCE 
ORB ITER 
PRELIMINARY SCREENING 
COMPUTER ANALY S I S  
ORBITER 
PHOTOGRAMMETRIC ANALYSIS 
SURVEYOR 
POINT MEASUREMENTS 
ORBITER 
GEOLOGIC MAPPING 
PHOTO-INTERPRETATION 
ORB ITER 
PHOTOGRAMMETRIC ANALYSIS 
J. W. Dietr ich 
Lunar Geology and S o i l  Mechanics 





NASP-S-67-16 1 2  
SUMMARY OF LUNAR ‘SOIL’ CHARACTERISTICS 
AT SURVEYOR I 
OVERALL STRUCTURE 
0 GRANULAR, PARTICLES MAY BE POROUS 
PARTICLE S IZE 
0, 1 METER TO 1 mm DIAMETER FRAGMENTS SCATTERED ON SURFACE 
0 MOST OF SURFACE LAYER LESS THAN 0.5 mm 
PROBABLY 0.005 - 0.1 mm 
POROSITY 
0 70 - 80 PERCENT I N  FEW CENTIMETERS NEAR SURFACE 
DENSITY 
0 0.6 - 0.7 GRAMS/cm3 NEAR SURFACE 
0 1 GRAM/cm3 AT DEPTH 10 - 20 cm 
0 2 - 3 GRAMS/cm3 AT DEPTH 1 - 10 METERS 
NASA-S-67-16 11 
SUMMARY OF LUNAR ‘SOIL’ CHARACTERISTICS 
AT SURVEYOR I (CONT) 
0 BEARING CAPACITY, STATIC 
0 4 x IO5 DYNES/cm2 ON 25 cm DIAMETER SURFACE 
e BEARING CAPACITY, DYNAMIC 
0 4.2 TO 6.9 x lo5 DYNESlcm2 
0 COHESION 
0 10’ TO lo5 DYNES/cm2 
0 PROBABLY IO3 DYNES/cm2 
0 ANGLE OF INTERNAL FRICTION 
0 30 TO 55 DEGREES 

Description of Screening with Ehnphasis 
on Orbiter I1 Results 
A. W. Patteson 
NASA-S-67-156 1 
LANDING SITE ANALYSIS 
* 
DETAl LED 
SITE 
EVALUATION 
NASA-S-67-1582 
STEPS IN LUNAR ORBITER SCREENING 
0 CONSTRUCT LA4 LANDING ELLIPSES AND RADAR APPROACH 
TEMPLETS FROM PHOTO SUPPORT DATA 
0 OUTLl NE REJECT AREAS ON MED RESOLUTION PHOTO 
0 SCAN REMAINING AREA WHERE HIGH RESOLUTION COVERAGE 
I S  ALSO AVAILABLE 
0 SELECT BETTER ELLIPSE LOCATIONS WITH FAVORABLE RADAR 
APPROACHES. IDENTIFY OBSTACLES 
@ SELECT BEST ELL1 PSE BASED ON LANDING AND RADAR 
OBSTACLES, COUNT CRATERS, AND COMPUTE 'N' NUMBER 
FROM MED RESOLUTION. FOR MOST FAVORABLE SITES 
CONTINUE EVALUATION WITH HIGH RESOLUTION PHOTOGRAPHY 
0 EVALUATE ELL1 PSES ON HIGH RESOLUTION PHOTOGRAPHY AND 
COMPUTE 'N' NUMBER 
NASA-S-67-1568 
LM LANDING ELLIPSE TEMPLET 
C 
WHERE 
A = AN ELLIPSE WITH A LANDING PROBABILITY OF 99.78% 
DIMENSION - 7.9 Km X 5.3 Km 
B = AN ELLIPSE WITH A LANDING PROBABILITY OF 90% 
DIMENSION - 4.88 Km X 3.24 Km 
C = AN ELLIPSE WITH A LANDING PROBABILITY OF 5&% 
DIMENSION - 2.66 Kin X 1.78 Km 
NASA-S-67-1563 
RADAR APPROACH TEMPLET 
WHERE 
A = THE BOUNDARY OUTLINING THE RADAR COVERAGE 
OF APPROACH TRAJECTORY FOR THE ENTl RE YEAR 
NASA- S-6 7- 15 7 1 
SITE EVALUATION FORMULA 
N I. 0 5 X  +0.4y+O.1z 
A B C 
WHERE 
N = PROBABILITY OF THE LM NOT ENCOUNTERING ANY FEATURE 
X = (TOTAL AREA 
I DENTlFlED AS A HAZARD ON THE PHOTOGRAPHY 
- REJECT AREA) I N  THE 50% ELL1 PSE 
Y = (TOTAL AREA - REJECT AREA) I N  THE (90% - 50%) ELL1 PSE 
Z = (TOTAL AREA - REJECT AREA) I N  THE (99.78% - 90%) ELL1 PSE 
A = TOTAL AREA I N  THE 50% ELL1 PSE 
B = TOTAL AREA I N  THE (90% - 50%) ELL1 PSE 
C = TOTAL AREA I N  THE (99.78% - 90%) ELL1 PSE 
NASA-S-67-735 
LUNAR ORBITER II PRIMARY COVERAGE 
45" 15" 15" 45" 
5" 5" 
5" 5" 
OFAVORABLE mNONFAVORABLE 
NASA-Sd7-732 
ORBITER II S C R E E N I N G  RESULTS 
SECTOR RANK SITE ELL1 PSE VALUE NO. LOCATION 
MR PHOTO HR PHOTO LAT LONG 
5 -941 ,907 00" 45'N 23" 37'E 
2 .944 .904 02" 40'N 34" OO'E 
240 2 5 1 ~  5 * 943 .847 02" 40'N 
4 3 .816 04" 12'N 21" 03'i - 
5 1 .868 04" oo'N 38" 45'E 
CENTRAL) 1 8 .923 .822 00" 25'N 01" 20'W 1 
2 9 .851 00" 55'M 12O 55'W 
3 7 .112 
4 4 
01" 53'N 01" 52'W 
11 .954 .851 00" 25'N 19" 55'W 
13 ,. 920 .a36 01' 4O'N 41" 4O'W 
3 12 .737 01" 42'N 34" 12'W 
4 10 .616 03" 18'N 27" 12'W 


Stereo - Photogrammetric Analysis 
D. Esten 
NASA-S- 67-1371 
STEREOPHOTOGRAMMETRIC SLOPE 
DETERMINATION FROM 
LUNAR ORBITER PHOTOGRAPHY 
0 STEREOPHOTOGRAMMETRIC HEIGHTING 
0 DISTORTIONS; SOURCES, DETERMINATION 
AND CORRECTION 
0 LUNAR ORBITER PHOTOGRAPHY 
0 MEASUREMENT OF DISTORTION 
0 SLOPE UNCERTAINTIES 
NASA-S-67-716 
PARALLAX AND HEIGHT DETERMINATION 
BASE-HEIGHT RATIO NASA-S-67-754 
I 
NA SA-S-67-72 0 
CONVERGENT STEREOPHOTOGRAPHY 
NASA-S-67-7 18 
PHOTOGRAMMETRIC TRIANGULATION 
NASA-5-67-1097 
tZ 
X 
MODEL ORIENTATION 
NASA-5-67-739 
EFFECTS OF MISORIENTATION ON HElGHTlNG 
/‘I MODEL WITH FALSE T I P  
NASA-S-67-721 
LENS DISTORTION 
UND I STORTED 
GRID 
PIN-CUSION 
D I STORTl ON 
BARREL 
DISTORTION 
NASA-S-67-729 
DIFFER ENTIA L S H RINK AGE PATTERN 
NASA-S-67-1098 
IMAGE MOTION AND IMAGE MOTION COMPENSATION 
DURING EXPOSURE 
- 
CAMERA SHUTTERS 
NASA-S-67-744 
LENS CALIBRATION 
D I STORT ION, 
M IC ROMETER S 
30 
20 
10 
0 
RADIAL DISTANCE, MILLIMETERS 
NASA-S-6 7-73 1 
CAMERA RESEAU 
NASA- S-67- 1099 
MEASUREMENT WITH A RESEAU 
A 
--+- 1 + 
I 
I 
-CORRECTED WS IT ION 
--- OBSERVED POSITION 
I + 
,-L-- 
I 
I 
NASA-5-67-773 
-64- 
1 
i 
LUNAR ORBITER PHOTO COVERAGE 
(IN KILOMETERS) - 10 AREAS 
33 
I 
i 
I I 
I ! I 
I 
1 
I 
I 
I 
I 
I 
I 
I I I 
NASA-S-67-770 
PHOTOGRAPHIC SYSTEM 
NASA-S-67-1848 
LUNAR ORBITER SC FILM 
DIRECTION 
OF FLIGHT 
HIGH RESOLUTION 
LOW RESOLUTION 
FILM ADVANCE * 
L-279.18mm-j 
-11 INCHES (TYP) 
NASA-S-67-886 
READOUT SC H EMATlC 
LINE SCAN TUBE 
IGHT COLLECTOR OPTICS 
PHOTOMULT i PLIER 
NASA-S-67-767 
FIDUCIAL MARK 
€SOLUTION PAllERNS 
- FRAMLET NUMBER 
-LINEARITY SCALE 

NASA-S-67-717 
PRE-EXPOSED 
PRE-EXPOSED 
RESEAU 
NASA-S-67-753 
ELRlATl ON, 
SPECIAL READOUT TEST RESULTS 
METERS 
390 
380 
370 
360 
350 
340 
330 
320 
--- ASSUMED DATUM ----- LOW FREQUENCY CURVE 
I I I I I 
0 loo0 Moo 3Ooo 4ooo MOD 
DISTANCE, METERS 
~ 
NASA-S-67-756 
SAMPLING 2 ~ 0 m  
STRATEGY OR 
1-20 in OR 0.1 IN:--/ 
GOLDSTONE LADDER CURVES NASA-S-67-1377 
Y-DI SPLACEMENT, 
MICROMETERS 
0 10 20 30 40 
X-DI STANCE, MILLIMETERS 
X-DI SPLACEMENT, 
MICROMETERS 
80 
60 
40 
20 
0 60 
X-DI STANCE, MILLIMETERS 
NASA-S-67-74 1 
MISSION II RESEAU CURVES 
I X D I S PLACEMENTS 60 
40 
20 
0 
-20 
-40 
MICROMETERS 
Y DISPLACEMENTS 
-401 ' I I I I I I I I 1  
1 2 3 4 5 6 7 8 9 
TYPICAL DISPLACEMENTS OF RESEAU POINTS 
ORBITER II 
NASA-S-67- 1566 
STEREOPHOTOGRAMMETRIC 
SLOPE U NC ERTA I NTY ESTIMATES (C ONT) 
6 
4 
STANDARD ERROR 
OF SLOPE, DEGREES 
2 
0 10 20 
BASE, KILOMETERS 
R o t  omet r ic/Comput er ~ n d y s  i  
N. W. Naugle 
NASA-S-67-726 
INTRODUCTION 
OBJECTIVES OF LUNAR ORBITER I PHOTOMETRIC PROGRAM 
0 PROVIDE DETAIL  SLOPE AND PROTUBERANCE A T  L M  SCALE 
0 CALIBRATE PHOTOGRAPHIC INTERPRETATION OF 
LUNAR L A N D I N G  SITES 
A I D  IN R A P I D  SCREENING OF PHOTOGRAPHS 
0 PROVIDE EXPERIENCE I N  PICTURE DATA PROCESSING 
MASA-S-67-746 
REASONS FOR USING 
COMPUTER/PHOTOMETRIC TECHNIQUES 
@ ONLY MONOSCOPIC H IGH RESOLUTION PHOTOGRAPHY I S  AVAILABLE 
FROM LUNAR ORBITER II 
@ THE PHOTOMETRIC TECHNIQUE (OR, PHOTOCLINOMETRY) I S  THE ONLY 
KNOWN METHOD OF EXTRACTING SLOPE INFORMATION FROM 
MONOSCOP I C  PICTURES 
@ CONVENTIONAL MICRODENSITOMETERY I S  TOO SLOW FOR THE MASS 
OF DATA TO BE REDUCED 
SOME SUCCESS WITH A LIMITED AMOUNT OF RANGER DATA BY JPL 
(NATHAN, RINDFLEISCH, ET AL) HAS MADE THE TECHNIQUE 
LOOK PROM I S I NG 
NASA-S-67-74 2 
SURFACE PHOTOMETRIC GEOMETRY 
LUNAR SURFACE 
NASA-S-67-725 
PHOTOMETRIC ASSUMPTIONS 
@ THE OUTPUT SCENE REPRODUCTION AND ITS GEOMETRY OF 
FORMATION CAN BE RECOVERED 
@ THE NORMAL ALBEDO IS  CONSTANT OVER THE SCENE 
NASA-S-b7-752 
LENS CENTERED COORDINATE SYSTEM 
N 
z - z(x,y) FILh4 1 PLANE 
NASA-S-67-722 
RESULTS OF PHOTOMETRIC TECHNIQUE 
ZERO 
PHASE 
POINT 
E PHOTOMETRIC TECHNIQUE GIVES ELEVATION DATA ONLY ALONG 
STRAIGHT LINE PATHS IN THE INAGE PLANE WHICH PASS THROUGH 
THE ZERO PHASE POINT 
NASA-S-67-723 
THE MAIN PROBLEMS IN USING 
THE PHOTOMETRIC TECHNIQUE ON LUNAR ORBITER 
0 RECOVERY OF SCENE LUMINANCES 
0 RECOVERY OF IMAGE GEOMDRY 
0 ASSIMILATION OF PROFILES TO PRODUCE A 
TOPOGRAPHIC M A P  
0 LACK OF KNOWLEDGE ABOUT THE PHOTOMETRIC 
PROPERTIES OF THE MOON 
NASA-S-67-724 
TYING PHOTOMETRIC PROFILES TOGETHER 
ASSUMPTIONS 
0 AVERAGE ELEVATION OF EACH RADIAL LINE WITHIN 
THE CHIT I S EQUAL TO ZERO 
0 LONG LINE FILTERING ALONG RADIAL LINES HELPS 
RECOVER LOCAL SLOPES 
0 IN THE FUTURE - POSSIBLE TO TIE STEREO CONTOURS 
TO PHOTOMETRIC PROFILES 
NASA-S-67-765 
PHOTOGRAPHIC SUBSYSTEM OF LUNAR ORBITER 
CAMERA PROCESSOR READOUT 
\ - r  * \ 
COMMUNICATIONS 
z. , .  , .  
I 2 4  IN. FOCAL I I IN* 
I LENGTHLENS I LENS 
NASA-S-67-768 FILM FORMAT 
GROUND FORMAT /-- 37.4 km-I EDGE DATA STR I P 
TIME 
NASA-S-67-769 
FILM SCANNER 
OPTICS 
VIDEO SIGNAL 
NASA-S-67-899 
35mm FILM FORMAT FROM ANALOG TAPES 
PRODUCED AT LANGLEY 
35mm SPROCKET HOLES 
PLATEN EDGE NOTCHES 
TRACK FROM ANALOG 
TAPE TO 35mm FILM 
NASA-S-67-771 
FLOW OF LUNAR ORBITER DATA 
- 
- 
NASA-S-67-7 19 
COMPUTER SYSTEM AT M S C I C A A D  
TIME 
TRANSLATION 
AND 
TAPE SEARCH 
SUBSYSTEM 
AMPEX 
:0 
A67 
;?d- 
RD) 
CONTR 
INPUT 
IRE 
DATA 
AND 
SYSTEM 
- 
D 
CONTROLLER -
- ST 
.Q VOICE 
LEC 
E UNIT! 
NASA-S-67-736 
DIGITIZING PHASE OF OPERATION 
- 
CONTROL PROGRAM 
OF THIS OPERATION 1 
LUNAR ORBITER 
1108 UNIVAC 
HARDWARE 
ANALOG 
TAPE FROM 
LANGLEY 
V I  DE0 
i
READINGS FROM 
TELECORDEX FOR 
FRAMELETS - FROM 
LSTB I LEC 
* TIMES TO DIGITIZE 
ID  OF FRAMES, 
FRAMELETS, ETC 
COMPUTER AND 
PROGRAM TO 
PRODUCE INPUT 
FROM RAW READINGS 
- 
t 
CALI BRAT ION 
OF GRE 
DIGITAL 
TAPES OF 
VIDEO /TIMING 
I NFORMAT I ON 
NASA-S-67-737 
EDlT AND CLEANUP OF RAW DIGITAL TAPES 
DIGITAL 
TAPES OF 
INFORMAT ION 
1108 
SYSTEM 
ED I 1 DIGITALTAPES 
OF 
INFORMATION 
@ 
@ -  
0 -  
DATA: 
V I A  BOEING 
CONTROL PROGRAM 1 AND 
'OUTPUT 
BOEING I LANGLEY 
SPACECRAFT 
STATE VECTOR 
EDITED DIGITAL 
TAPES OF 
VIDEO INFORMATION 
1108 / SYSTEM 
35mm RECORDS OF 
CONTROL PURPOSES 
+ ACTIVITY FOR 
NASA-S-67-766 
LUNAR SURFACE HIGH RESOLUTION COVERAGE 
1 L E  
DIRECTION OF LUNAR 
ORBITER FLIGHT 
OVERLAP OF HIGH RESOLUTION FRAMES 
DIRECTION OF 
APOUO ORB IT - 
5.3 km X7.9  km ELLIPSE 
' 
NASA-S-67-758 
SAMPLING STRATEGY 
WITHIN A FRAME 
16,600m 
219.18 mm 770m- p . . . . .  m . m m . 1  m . . . . . . .  . .  
m rn a a 0 ’ 0  a m . m . 0  m 
m 
. . . . . a  
m m m m m . m w m m m  
k 1 0 . 2 m m  
W H 0 APPROXIMATELY 12OCHITS 0 1 
m ’ PERHIGHRESOLUTIONFRAME 
m m m m a 0 n n n a .  
. . m . B . . . . . .  
NASA-S-67-756 
SAMPLING 
STRATEGY 
A CHIT 
I 200 m 
OR 
0.1 IN. 
~ 
* ~ *  -%" % 
4LANDlNGSEVERY 4METERS RADIUSOFLfvl=4.88m 
NASA-S-67-734 
OUTPUTS TO LUNAR SURFACE TECHNOLOGY 
0 CONTOUR M A P S  OF ELEVATIONS OF C H I T S  
0 SLOPE H A Z A R D  M A P S  OF C H I T S  
0 PROTUBERANCE H A Z A R D  M A P  OF C H I T S  
0 CUMULATIVE D I S T R I B U T I O N  OF SLOPES OF C H I T S  
0 CUMULATIVE D I S T R I B U T I O N  OF PROTUBERANCE 
OF C H I T S  
SLOPE IN S U M M A R Y  FORM 
GOOD L A N D I N G  ON THE C H I T  
0 M A R G I N A L  D I S T R I B U T I O N  OF PROTUBERANCE AND 
0 NUMBER OF EACH C H I T  G I V I N G  P R O B A B I L I T Y  OF 
0 SLOPE S T A T I S T I C S  ALONG R A D I A L  L I N E S  a0 USGS) 
0 FEEDBACK TO CALIBRATE PHOTO INTERPRETERS 
SUMMARY AND RECOMMENDATIONS 
C. H. Perrine 
NASA-S-67-1573 
- 
Q U A N T I T A T I V E  
ESTABLISHED 
CRITERIA CRITERIA 
S U M M A R Y  
0 A SET OF SITE SELECTION CRITERIA HAVE BEEN ESTABLISHED FOR 
THE FIRST LUNAR LANDING MISSION 
0 BEST LANDING SITES AVAILABLE ARE - 80% - 5% HAZARD FREE 
WITHIN THE LANDING ELLIPSE 
0 SOIL PROPERTIES EQUIVALENTTO THE WORST CASE FROM SUR- 
VEYOR DATA WILL BE MORE THAN SATISFACTORY FOR LANDING 
STAB I L I  TY 
EROSION CHARACTER1 STICS SHOULD BE TESTED ON FUTURE 
SURVEYOR MISSIONS 
0 DAYLIGHT LAUNCHES WILL BE POSSl BLE FOR APPROXIMATELY 
9 MONTHS OUT OF 12 
0 SLOPE CHARACTER1 STICS OF THE APPROACH PATH TO THE 
LANDING SITE WILLNOT BE DUERMINED WITH SUFFICIENT 
ACCURACY BY ORBITER 
NASA-S-67-1586 
S I T E  S E L E C T I O N  C R I T E R I A  
L U N A R  S U R F A C E  PROPERTIE 
@ ELL1 PSE TOPOGRAPHY 
0 APPROACH PATH TOPOGRAPHY 
@ ELL1 PSE SO1 L PROPERTIES 
ELL1 PSE LANDMARKS 
YES 
YES 
YES 
NO 
N U M B E R  
OF SITES 
E V A L U A T E D  
5 (PRELIM) 
5 
0 
0 
NASA-5-67-1587 
SITE SELECTION CRITERIA 
( C O N T )  
CRITERIA I 
OPERATIONAL CHARACTERISTICS 
0 SPS FUEL RESERVES 
0 LIGHTING AT LANDING 
0 LAUNCH RECYCLE TIME 
0 LM YAW REQUIREMENTS 
0 FREE RETURN TRAJECTORY INCLINATION 
0 TRANSLUNAR INJECTION COVERAGE 
EARTH LAUNCH WINDOW DURATION 
0 LIGHTING AT EARTH LAUNCH 
AND LANDING POINT 
NASA-5-67-1581 
QUANTITATIVE NUMBER 
CRITERIA OF SITES 
ESTAB LlSH ED EVALUATED 
YES 5 
YES 
YES 
NO 
YES 
YES 
YES 
YES 
SITE S E L E C T I O N  C R I T E R I A  ( C O N T )  
LUNAR SURFACE DATA 
AVA I LAB I L I T Y 
0 H I G H  RESOLUTION PHOTOGRAPHY 
0 CONVERGENT - STEREO COVERAGE 
0 OBLIQUE VIEWS OF APPROACH 
0 SURVEYOR I N  AREA 
NO. OF SITES 
8 
4 
6 
1 
NASA-S-67-1573 
SUMMARY 
0 A SET OF SITE SELECTION CRITERIA HAVE BEEN ESTABLISHED FOR 
THE FIRST LUNAR LANDING MISSION 
0 BEST LANDING SITES AVAILABLE ARE - 80% - 90% HAZARD FREE 
WITHIN THE LANDING ELLIPSE 
0 SOIL PROPERTIES EQUIVALENT TO THE WORST CASE FROM SUR- 
VEYOR DATA WILL BE MORE THAN SAT1 SFACTORY FOR LANDING 
STAB1 LlTY 
EROSION CHARACTERISTICS SHOULD BE TESTED ON FUTURE 
SURVEYOR MISSIONS 
0 DAYLIGHT LAUNCHES WILL BE POSSIBLE FOR APPROXIMATELY 
9 MONTHS OUT OF 12 
0 SLOPE CHARACTER1 STICS OF THE APPROACH PATH TO THE 
LANDING SITE WILL NOT BE DETERMINED WITH SUFFICIENT 
ACCURACY BY ORBITER 
NASA-S-67-1577 
ALTERNATIVE SOLUTIONS TO SLOPE 
UNCERTAINTY 
0 ACCEPT CURRENT UNCERTAINTY AND DEVELOP MANUAL CONTROL 
PROCEDURES AFTER H I G H  GATE TO ACCOMMODATE UNCERTAINTY 
0 DECREASE SENSIT IV ITY  OF LM DESCENT GUIDANCE SYSTEM TO 
SLOPE UNCERTAINTY 
@ PERFORM SLOPE MEASUREMENTS FROM C S M  I N  LUNAR ORBIT AND 
ENTER VALUES IN MODIFIED LM DESCENT GUIDANCE LOGIC 
PRIOR TO DESCENT 
NASA-5-67-1574 
RECOMMENDED B SET LANDING SITES 
0 1 2  0 11 0 9  
5s I I I I I 
45w 3OW 15W 0 15E 30E 45E 
0 ORBITER II o ORBITER El 
NASA-S-67-1232 
RESULTS OF TERRAIN-SLOPE GUIDANCE 
S Y S T E M  I NTERFAC E EVALU AT1 0 N 
0 PRIOR TO HI-GATE 
0 GENERAL U P H I L L  SLOPES OF 1' CAN BE TOLERATED 
0 GENERAL DOWNHILL SLOPES OF 2' CAN BE TOLERATED 
0 AFTER HI-GATE 
o SLOPES SHOULD BE L I M I T E D T O  + - l O T O  M A I N T A I N  
LANDING POINT DESIGNATION ACCURACY 
0 GENERAL 
e SENSITIVITY I S  PRIMARILY RELATED TO SLOPES 
ENCOUNTERED JUST PRIOR Tr) HI-GATE - SYSTEM 
I S  TOLERANT OF 2" SLOPES STOPPING =30K FT 
BEFORE HI-GATE 
NASA-S-67-1569 
RECOMMENDED C SET SELECTION SCHEDULE 
CY 1967 CY 1968 
2ND 3RD 4TH 1ST 2ND 
SELECT B SET 1 APR 
COMPLETE OPERATIONAL 
EV ALU AT I ON S 
CONFIRM SCREENING 
TECHNIQUE 
SELECT C SET 
(SEE NOTE) 
-----. 
PREPARE MAPS, TRAINING -----. 
AIDS AND TARGETING 
DATA 
SELECT LAUNCH DATES 1 APR 
1 I I I I 
NOTE: ANTI C I  PATED C SET FORMAT 
MSC DATA REQUIRENENTS FOR FUTURE 
MANNED LUNAR EXPLOFUITION PROGRAMS 
J. M. Eggleston 
NASA- S-67- 1580 
PHASE r OF LUNAR EXPLORATION 
O B J E C T I V E S  
0 TO DETERMINE THE SURFACE CHARACTERISTICS APPLICABLE TO A MANNED 
LUNAR LANDING 
0 TO MEASURE THE LUNAR ENVIRONMENT 
0 TO PHOTOGRAPH FEATURES NOT V I  S I  BLE TO THE EARTH OBSERVER 
0 TO MAKE F IRST ORDER EXPLORATORY MEASUREMENTS OF THE GEOPHYSICAL AND 
GEOLOG 1 CAL NATURE OF THE MOON 
EMPHASIS :  ACQUIRE DATA TO SUPPORT EARLY MANNED LUNAR LANDINGS 
NASA- S-6 7- 1564 
PHASE I OF LUNAR EXPLORATION 
FLIGHTS 
S P A C E C R A F T  
RANGER 
SURVEY OR 
OR B ITER 
A P O L L 0  
C O M P L E T E D  
7, 8, 9 
I 
1, 2, 3 
PLANNED 
NASA-S-67-1847 
ORBITER TARGETS 
ORBITER I APOLLO ZONE - SOUTHERN SET (1M) 
ORBITER II APOLLO ZONE - NORTHERN SET (1M) 
ORBITER APOLLO ZONE - SOUTHERN SET (1M) 
ORBITER IIz 80% VISIBLE FACE (50 - 90M) 
ORBITER P 35 - 50 SCIENCE SITES (1 - 3M) 
SUBJECT TO APPROVAL 
ORB ITER PI 80% BACK FACE (50 - 90M) 
NPSA-S-67-928 
PHOTOGRAPHIC COVERAGE FOR LUNAR ORBITER I & II 
-L.O. I ---- L.O. rr 
NA SA-S-67-12 95 
SET A 
P O T E N T I A L  S I T E S  
N 5  
0 
s 5  
4 OW 20 0 20 4 OE 
0 MARE 
0 HIGHLAND 
0 MOST FAVORABLE 
LESS FAVORABLE 
N A S A - S - 6 7 - 1 5 6 7  
PHASE II OF LUNAR EXPLORATION 
E M P H A S I S  
0 S U P P O R T  OF S P E C I F I C  S C I E N T I F I C  M E A S U R E M E N T S  A T  S P E C I F I C  LUNAR 
L O C A T I O N S  A N D  THE N E A R - V I C I N I T Y ,  I F  REQUIRED 
0 S U R V E Y I N G  A N D  M A P P I N G  OF LARGE A R E A S  A T  S P E C I F I C  WAVELENGTHS 
IN S U P P O R T  OF S P E C I F I C  I N - S I T U  M E A S U R E M E N T S  
0 FEASl B I L I T Y  OF U S I N G  THE M O O N  A S  A  S C I E N C E  A N D  TECHNOLOGY 
TEST S I T E  
NASA- S-67-1559 
PHASE I[: OF LUNAR EXPLORATION 
EMPHASIS:  SUPPORT OF SCIENTIFIC MEASUREMENTS 
PROCESS : STATEMENT OF OBJECTIVES 
HOW BEST TO MAKE 
A I NSTRUMENTS REQUIRED 
B GROUPING OF INSTRUMENTS 
C M I S S I O N  MODE REQUIREMENTS 
E MEASUREMENTS 
DETERMINE WHERE TO MAKE THE MEASUREMENTS ON A P R I O R I T Y  B A S I S  
DETERMINE SPACECRAFT AND M I S S I O N  MODE C O M P A T I B I L I T Y  WITH 
SC I ENT lF lC  REQUIREMENTS 
REQU I RED 
PEVELOP EXPERIMENTS, VEHICLES, AND MISSIONS WHICH ARE 
STATUS : WE ARE NOW I N  THE DETERMINATION PHASE 
NASA-S-67-925 
APOLLO A N D  APOLLO APPLICATIONS 
PROGRAM CONSIDERATIONS 
0 ESTABLISH REQUIREMENTS FOR ADDITIONAL DATA FROM SURVEYOR 
AND ORBITER, T 3  SELECT LANDING SITES OTHER THAN THOSE 
CONS I DERED FOR EARLY APOLLO 
e PLAN L M  AND SS M I S S I O N S  TO PROCURE INFORMATION REQUIRED TO 
SUPPORT APOLLO APPLICATIONS LANLING ANL ORBITAL M I S S I O N S  
0 PLAN MSC CAPABILITIES AND FACILITIES REQUIREDTO PROCESS AND 
CORRELATE DATA FROM LUNAR EXPLORATION M I S S I O N S  
0 MODIFICATIONS TO HARDWARE AND SOFTWARE TO BE CONSISTANT W I N  
SC IENTl Fl C OBJECTIVES 
NASA-S-67-1847 
ORBITER TARGETS 
ORBITER I APOLLO ZONE - SOUTHERN SET (1M) 
ORBITER I7 APOLLO ZONE - NORTHERN SET flM) 
ORB ITER UI APOLLO ZONE - SOUTHERN SET (1M) 
ORBITER IIZ 80%VlS lBLEFACE(50-90M)  
ORB ITER P 35 - 50 SCIENCE SITES (1 - 3M) 
SUBJECT TO APPROVAL 
ORBITER TI 8O% BACK FACE (50 - 90M) 
Decision Logic for Landing Site Redesignation 
H. E. Smith 




Erosion Effects  from LM Descent Engine 
R,  Hutton 
NASA-S-67-1227 
PHENOMENA E X  AMI NED 
0 VISCOUS EROSION 
0 EXPLOSIVE CRATERING 
0 DIFFUSED GAS ERUPTION 
NASA-S-67-1224 
V I S C 0 U S EiRO S IO N PAR AM ETERS 
0 ENGINE EXIT DIAMETER AND MACH NUMBER 
0 GAS RATIO OF SPECIFIC HEATS 
0 GAS VISCOSITY 
0 AZIMUTH ANGLE 6 
0 NOZZLE HEIGHT H 
0 SURFACE SLOPEY 
0 LUNAR PARTICLE DIAMETER 
0 LUNAR SURFACE COHESION 
0 PARTICLE DRAG COEFFICIENT 
T H E O R Y  M O D I F I C A T I O N S  A C C O U N T  FOR 
I N F L U E N C E  OF S U R F A C E  E R O S I O N  ON 
0 HEIGHT H 
0 AZIMUTH ANGLE0 
0 SHEAR F3RCES ACTING ON SOIL 
NASA-S-67-1375 
SOIL EROSION PROFILES 
SCALED MODEL OF LM DECENT ENGINE 
D = 0.08 IN. D = l  IN. 
LA4 NOZZLE AT HOVER 7 
LEG PAD 
RADIAL DI STANCE,INCHES 
I 
L 
200 150 100 nl 
r I 
- 
BEG1 N HOVER t = 3.64 SEC - 
- 
- 
RADIAL DISTANCE, INCHES 
NASA-S-67-1221 
LUNAR SURFACE PARAMETER RANGES 
SOIL PARTICLE DIAMETER, FT 
SURVEYOR I 
SOIL FRICTION ANGLE, DEG 
SURVEYOR I l a  
SOIL COHESION, PSI 0 
SURVEYOR I 
SOIL PACKING CONCENTRATION .1 . 2  . 3  . 4  .5 - 6  . 7  
I 1  I 
SURVEYOR I I 
200 
7- 
SOIL BULK DENSITY, SLUG / FT3 
SURVEYOR r 
NASA-S-67-1220 
STAGNATION PRESSURE TIME HISTORY 
1. 
STAGNATION 
PRESSURE, 
PSI  
NASA-S-67-1222 
WORST CASE LM EROSION CONTOUR PREDICTIONS 
I 
, FEET 
PRE-SURVEYOR I DATA POST-SURVEYOR I DATA - 
L 
Y, FEET 
NASA-S-67-1380 
SOIL EROSION PROFILES 
SURVEYOR VERNIER ENGINE 
0 MEASURED - THEORY 
0 ,  
EROSION 0 0 0 
0 0  
0 
DEPTH, INCHES 
0.8 
1.0 to  O TEST DD-148 
1.2 1 I 1 1 1 
0 2 4 6 8 
RAD1 AL D I STANCE, INCHES 
NASA-S-67-1379 
SOIL EROSION PROFILES 
SURVEYOR VERNIER ENGINE 
0 MEASURED - THEORY 
0.2 
0 
0 
DEPTH,INCHES o.6 
TEST DD-149 
1.0 
1.2 
o-*i...~ , , , 
0 2 4 6 8 
RADIAL DISTANCE, INCHES 
NASA-S-67-1368 
SURVEYOR VERNIER ENGINE SURFACE 
PRESSURE DISTRIBUTIONS 
4 16 
I 
0 MEASURED TEST DD-149 - THEORECTICAL 
SURFACEPRESSURE, PSI 
0 2 4 6 8 10 
RADIAL DISTANCE, INCHES 
NASA-S-67-1223 
SOIL ERUPTION PARAMETERS 
0 SOILDENSITY 
0 SOIL POROSITY 
0 SOIL PERMEABILITY 
a GAS VISCOSITY 
0 GRAVITATIONAL ACCELERATION 
0 SURFACE PRESSURE AND DECAY RATE 
0 INITIAL DIFFUSED GAS PRESSURES 
a AMBIENT PRESSURE 
NASA-S-67-1228 
SURFACE AND SUBSURFACE PRESSURE DISTRIBUTIONS 
I 1.2 r 
-12 -8 -4 0 4 8 12 14 
r 
a 
- 
MPLE DURING 
ESSURIZATION 
NA SA-S-67-1373 
MAXIMUM UPWARD SOIL DISPLACEMENT 
VERSUS SURFACE PRESSURE UNDER EARTH 
AMBIENT CONDITIO 
M A X I M U M  
UPWARD SO1 L 
D I S PLACEMENT, FT 
0 10 20 30 40 
GAUGE PRESSURE, P S I  
NASA-S-67-1226 VARIATION OF 
STAGNATION PRESSURE WITH NOZZLE HEIGHT 
LM DESCENT ENGINE 'r 
PRESSURE, PSI 
a 
7 
6 
5 
4 
3 
2 
1 
0 2 4 6 a 10 
HEIGHT, FEET 
NASA-S-67-1225 
VARIATION OF 
STAGNATION PRESSURE WITH NOZZLE HEIGHT 
SURVEYOR VERNIER ENGINE 
9 
a 
7 
6 
PRESSURE, PSI 5 
4 
3 
2 
1 
0 1.0 2.0 
HFIGHT, FEET 
